Heterosexual transmission is the main mode of human immunodeficiency virus type 1 (HIV-1) transmission worldwide and accounts for nearly 90% of all HIV infections in women (37, 38, 47, 58) . Because most women at risk for HIV infection are of reproductive age, effective use of dual-function microbicide is important to prevent HIV transmission and unintended pregnancies (37, 54, 55) . Since semen is an important vehicle for sexual transmission of HIV-1, topical anti-HIV spermicides would ideally provide a female-controlled method of self-protection against HIV as well as prevent pregnancy. However, several anionic polymers and detergent-based dualfunction microbicides that are currently undergoing preclinical or clinical development to curb the sexual transmission of HIV exhibit nonspecific antimicrobial as well as spermicidal properties which are an ongoing concern because of their long-term mucosal safety (6) . Consequently, new, effective, and mechanism-based microbicides lacking mucosal toxicity are needed.
In a systematic effort to develop a prophylactic contraceptive capable of preventing HIV transmission as well as providing fertility control, our laboratory has previously identified novel aryl phosphate derivatives of the anti-HIV drug 3Ј-azido-3Ј-deoxythymidine (zidovudine [ZDV] ) with potent anti-HIV and spermicidal activities (7) (8) (9) (10) . WHI-07 [5-bromo-6-methoxy-5,6-dihydro-3Ј-azidothymidine-5Ј-(p-bromophenyl)-methoxyalaninyl phosphate], an aryl phosphate derivative of 5-bromo-6-methoxy-ZDV with an alanine methyl ester side chain and a bromo substitution in the phenyl ring, was identified as the lead dual-function agent (Fig. 1 ). Comparative analysis of the anti-HIV and spermicidal activities as a function of WHI-07 concentration revealed sigmoidal dose-response curves, with 50% inhibition of HIV-1 replication at nanomolar concentrations (50% inhibitory concentration [IC 50 ] ϭ 0.005 M p24 and IC 50 ϭ 0.009 M reverse transcriptase [RT] ) and sperm-immobilizing activity at low micromolar concentrations (50% effective concentration ϭ 5 M) (8) . WHI-07 displayed high selective indices against normal human female genital epithelial cells. These dual-function properties of WHI-07 fundamentally differ from those of currently used cytotoxic surfactant microbicides. Furthermore, WHI-07 was rationally designed to undergo intracellular hydrolysis to a monophosphate derivative that is subsequently phosphorylated to give the bioactive triphosphate in a manner that bypasses the enzyme action of thymidine kinase (TK); the latter enzyme activity is compromised in HIV-infected monocytes/macrophages in semen (11) . Human leukocytes, female genital tract epithelial cells, and sperm efficiently convert WHI-07 to active ZDV metabolites despite low TK activity (11) .
WHI-07 was formulated via a nontoxic gel microemulsion for intravaginal use as a potential candidate anti-HIV spermicide. WHI-07-containing gel microemulsion is a potent vaginal contraceptive in the rabbit model (12) . In preclinical studies, repetitive intravaginal administration of 2% WHI-07 via a gel microemulsion corresponding to 5.7 ϫ 10 6 times its in vitro anti-HIV IC 50 and 5,700 times its spermicidal 50% effective concentration for up to 13 weeks was not associated with mucosal, systemic, or reproductive toxicity in test animal species (13) (14) (15) (16) . Repeated intravaginal administration of WHI-07 during the period of major organogenesis at concentrations as high as 2% did not produce teratogenicity or other developmental toxicity in rodent and nonrodent species tested (16) . Furthermore, long-term (2-year) intravaginal administration of 2% WHI-07 was not associated with systemic toxicity or increased carcinogenicity in mice (17) .
However, it is becoming apparent that no single agent will be able to prevent sexual transmission of HIV long term. Accordingly, we have investigated the in vivo microbicidal efficacy of WHI-07 in combination with vanadocene dithiocarbamate (VDDTC), a bis(cyclopentadienyl) vanadium(IV) complex, as a new class of potent spermicides (20, 21) . VDDTC is a disubstituted vanadocene where the two cyclopentadienyl rings are positioned in a tetrahedral symmetry and in a bent conformation with respect to the central vanadium(IV) atom (Fig. 1) . The two sulfur atoms of the dithiocarbamate and centroids of the cyclopentadienyl rings in this vanadocene complex with unique contraceptive potential occupy four tetrahedral-like coordination sites about the central vanadium atom (27) . In addition, vanadocenes exhibit pleiotropic effects in cells, such as modulation of the cell's redox potential, affect enzymatic phosphorylation, inhibit DNA replication by direct DNA binding and cleavage, and also catalyze the generation of reactive oxygen species (27, 39, 53) .
The feline immunodeficiency virus (FIV) infection of the domestic cat is an established model for HIV infection in humans (3, 4, 26, 40-42, 44, 46, 59) . The purpose of the present study was to examine the ability of WHI-07 either alone or in combination with VDDTC to prevent systemic FIV infection of domestic cats challenged with a vaginal or rectal inoculation of highly infectious FIV-infected feline T cells. Our results provide unprecedented evidence that WHI-07 either alone or in combination with a vanadocene prevents vaginal and/or rectal transmission of FIV in the domestic cat model. WHI-07, because of its potent in vivo contraceptive and microbicidal activities as well as the lack of mucosal, systemic, and reproductive toxicity, shows significant clinical potential as a safe contraceptive anti-HIV microbicide for sexually active women.
MATERIALS AND METHODS
Compounds. WHI-07 and VDDTC, the structures of which are shown in Fig.  1 , were synthesized according to our published procedures (8, 21) . WHI-07 differs from ZDV by the presence of 5-bromo and 6-methoxy groups on the thymine ring, a phenyl phosphate group with an alanine side chain, and a bromo substituent on the C-5 position of the phenyl ring. The purity of WHI-07 was Ͼ98%, as assessed by the proton ( 1 H), carbon ( 13 C), phosphorous ( 31 P) nuclear magnetic resonance spectra and Fourier-transform infrared spectra. Analytical data for WHI-07 were as follows: calculated C, 36.12; H, 3.90; and N, 12.04; found C, 36.28; H, 4.02; and N, 11.99. The purity of VDDTC [bis(cyclopentadienyl)N,N-diethyl dithiocarbamato triflate salt] as determined by 1 H nuclear magnetic resonance, Fourier-transform infrared spectra, UV-visible spectroscopy, and elemental analysis exceeded 99%. Detailed physicochemical analysis confirmed that the dithiocarbamato ligands were attached firmly to the vanadium coordination sphere, and with bis(cyclopentadienyl)vanadium(IV) rings the molecules possess a wedge-like sandwich structure with a tetrahedral coordination about the central vanadium(IV) atom. Nonoxynol-9 (N-9, or IGEPAL CO-630) was kindly supplied by Rhone Poulenc (Cranbury, N.J.).
FIV isolates. Exogenous infection of T-cell-enriched peripheral blood mononuclear cells (PBMCs) from specific-pathogen-free (SPF) cats as well as feline T-lymphoid cells (FeT-J) inoculated with the Bangston FIV isolate (FIV Bangston , subtype B) was as previously described (56) . FeT-J is an interleukin-2-independent feline T-cell line highly susceptible to FIV infection (28) . In the vaginal and rectal microbicide efficacy study, cats were challenged with an intravaginal or intrarectal inoculum of FeT-J cells infected with the FIV Bangston isolate.
In vitro assay of anti-FIV activity of WHI-07. Phenotypic FIV drug susceptibility studies were performed by measuring the levels of FIV reverse transcriptase (RT) activity in the culture supernatants of T-cell-enriched PBMCs from SPF cats after exogenous infection with FIV, as previously described (50, 60) . T-cell-enriched PBMCs were derived from SPF cats by stimulating the FicollHypaque-separated PBMCs with concanavalin A for 3 days and culturing for an additional 2 weeks in an interleukin-2 (100 U/ml)-supplemented RPMI culture medium in 24-well tissue culture plates, as previously reported (60) . T-cellenriched PBMCs at 10 6 cells/ml were treated with serial 10-fold dilutions of ZDV (control) or WHI-07 at the same time as FIV inoculation (100 50% tissue culture infective doses). Culture supernatants were harvested at 3-to 4-day intervals for 12 to 18 days, and the cells were recultured in fresh culture medium containing the indicated concentrations of WHI-07 or ZDV. On day 9, cell cultures were tested for FIV replication by measuring the RT activity levels of the culture supernatants (50) . Each dilution of the test culture and placebo culture was performed in triplicate, and the experiment was performed three times with PBMCs isolated from different SPF cats. Controls included uninfected PBMCs (negative control), FIV-infected but untreated PBMCs (positive control), and FIV-infected, ZDV-treated PBMCs. The results are presented as the percent control of the mean RT titer using the following formula: percent control replication ϭ 100 ϫ [(mean RT titer of drug-treated culture Ϫ mean RT of negative control culture)/(mean RT of untreated positive control culture Ϫ mean RT of negative control culture)]. Potential drug toxicity of WHI-07 versus ZDV in these cultures was also monitored by viability and absolute cell count analysis using the trypan blue dye exclusion method (34) . A minimum of 500 cells were enumerated to identify the maximum tolerated dose for each drug, which was the maximum dose at which the cultures showed no toxicity. (ii) Vaginal FIV transmission study. Sixteen SPF cats were used for intravaginal dosing of FIV-infected FeT-J cells. These 16 cats in subgroups of four were given intravaginal inoculations of increasing doses of FIV Bangston -infected FeT-J cells (5 ϫ 10 3 to 5 ϫ 10 6 cells/0.4 ml). Blood was obtained from these cats at 1, 2, 3, 5, 7, and 10 weeks after exposure to the virus. FIV infection in PBMCs was documented by virus isolation coupled with RT assays (VI-RT) and FIV-specific PCR analysis, as previously described (1, 25) . Serum (1:25) was analyzed for antibody response to major FIV Gag proteins p26 and p15 by FIV immunoblotting (43, 51) .
Cats were considered positive for FIV if one of the following criteria was met: (i) sera from two different bleeding dates were positive by Western blotting (WB); (ii) a single WB result and a single VI-RT result were positive with or without a PCR positive result (on different bleeding dates); (iii) mononuclear cells from two different bleeding dates were positive by VI-RT; and (iv) mononuclear cells from two different bleeding dates were positive by VI-PCR with the same tissue source. The WB result was considered positive if the p26 (major core) band was stronger than both the preserum band and the negative control for the specific blot. Although PCR of culture-amplified cells can sometimes detect FIV infection earlier than WB and VI-RT, PCR has a greater chance of being false positive or false negative. VI-RT was considered positive for the particular bleeding date if positive RT values were obtained on at least two culture harvest days. The RT values were considered positive if the value was Ն10,000 cpm/ml.
(iii) Gel microemulsion formulation. Due to the lipophilic nature of WHI-07, we developed a submicron (30 to 80 nm) particle size microemulsion-based formulation to achieve as much as 2% WHI-07 for intravaginal or intrarectal use. Microemulsions appear to have the ability to deliver larger amounts of topically applied agents into the mucosa than traditional vehicles because they provide a better reservoir for a poorly soluble drug through their capacity for enhanced solubilization (18) . A microemulsion-based system with high solubilizing capacity for WHI-07 was identified through systematic mapping of ternary-phase diagrams and drug solubilization studies. Based on these studies, an effective drug solubilization method for vaginal bioavailability in a clinically applicable gel was composed of Phospholipon 90G and Captex 300 as the oil phase with Pluronic F68 and Cremophor EL as surfactants, propylene glycol and polyethylene glycol 200 as cosurfactants, and water as a carrier. Polymer suspensions of SeaSpen PF and Viscarin GP-209 carrageenans were selected as additives to the microemulsion to obtain a gel with desirable viscosity containing up to 2% WHI-07 with high thickening capability and compatibility with microemulsions. WHI-07 was stable in the gel microemulsion formulation. A corresponding control gel microemulsion using the ingredients described for the lead formulation without WHI-07 was used as the placebo formulation.
In addition to WHI-07, we evaluated the potential microbicidal activity of VDDTC, which was selected from 45 organovanadium(IV) complexes that were synthesized and tested for spermicidal and cytotoxic activities (19) (20) (21) . VDDTC was tested either alone or in combination with WHI-07 via gel microemulsion.
(iv) Intravaginal and intrarectal gel application and virus inoculation. For the vaginal microbicide efficacy study, 10 cats received 0.4 ml of 5% N-9 gel (35), 5 cats received 0.4 ml of 2% WHI-07 gel microemulsion, 10 cats received 0.4 ml of 0.25% VDDTC in gel microemulsion, 5 cats received 0.4 ml of gel microemulsion containing 2% WHI-07 plus 0.25% VDDTC, and 10 cats treated with vehicle alone served as positive control.
For the rectal microbicide efficacy study, three cats received 0.3 ml of 2% WHI-07 gel microemulsion and three cats received an equal volume of vehicle. The formulations were administered intravaginally or intrarectally using a blunttipped pipette in cats sedated with a combination of ketamine, atropine, and acepromazine. All cats that received a vaginal or rectal treatment were followed 1 to 2 min later by vaginal or rectal inoculation of FIV Bangston -infected feline lymphoid (FeT-J) cells (7 ϫ 10 6 cells in 0.2 ml of cell culture supernatant) using a 20-gauge feeding needle.
Blood samples were collected before and after intravaginal or intrarectal inoculation at 3, 6, 9, 12, 15, and 18 weeks for complete blood cell counts, serum antiviral antibody assays, and collection of PBMCs for virus isolation and FIVspecific PCR from all treated cats. Anti-FIV antibodies were determined by WB analysis (43, 51) . The WB result was considered positive if the p26 (major core) band was stronger than both the preserum band and negative control for the specific blot. FIV infection was documented by testing the cells for proviral DNA by FIV gag-specific and env-specific PCR at the termination of the cocultures (1, 25) . The RT values were considered positive if the value was Ն10,000 cpm/ml. Animals were electively sacrificed 18 weeks after vaginal or rectal inoculation with FIV-infected cells.
(v) Statistical analysis. Statistical significance was determined with the use of Fisher's exact test to compare the number of animals infected between test and control groups during the same experiment. P values of less than 0.05 were regarded as significant.
RESULTS

In vivo cat model for the transmucosal transmission of FIV.
We first established a cat model for the transmucosal transmission of AIDS for evaluation of the preventive antiretroviral properties of WHI-07. Domestic cats can be infected with FIV via vaginal and rectal routes using cell-associated or cell-free inocula (4, 5, 29, 31, 41, 42, 44, 45) . Since the efficiency of transmucosal transmission is dependent on cell tropism of the virus, we employed the dual-tropic strain FIV Bangston (subtype B), which exhibits considerable macrophage tropism (43) . To this end, 16 SPF cats in subgroups of 4 were challenged intravaginally with various cell doses of the feline T-cell line FeT-J chronically infected with FIV Bangston . FIV infection was monitored at 1, 2, 3, 5, 7, and 10 weeks after exposure to the infectious cell inoculum. Intravaginal inoculation with 5 ϫ 10 6 FIV Bangston -carrying FeT-J cells resulted in FIV infection in four of four cats. These cats became consistently seropositive with antibodies against the major FIV Gag proteins p26 and p15 and expressed detectable levels of FIV gag provirus DNA in their PBMCs, and FIV could be isolated from their PBMCs (Table 1) . Thus, domestic cats acquire FIV infection after intravaginal inoculation of FIV Bangston -infected FeT-J cells.
WHI-07 prevents transmucosal transmission of FIV in the cat model. The in vitro anti-FIV activity of WHI-07 in comparison to that of ZDV was determined by measuring FIV RT activity in culture supernatants. WHI-07 inhibited the in vitro replication of FIV Bangston in feline PBMCs from SPF cats in a concentration-dependent fashion, with an IC 50 [RT] of 0.12 M (Table 2) . At 10 M, Ͼ90% inhibition of FIV replication was achieved with both WHI-07 and ZDV without apparent cytotoxicity.
We next examined the ability of 2% WHI-07 either alone or in combination with 0.25% VDDTC via a nontoxic gel microemulsion to prevent the transmucosal transmission of FIV Bangston in domestic cats challenged with an intravaginal inoculum of 7 ϫ 10 6 FIV Bangston -infected FeT-J cells (Table 3) . Systemic FIV infection was monitored at 3, 6, 9, 12, 15, and 18 weeks after intravaginal exposure to chronically FIV-infected feline T cells by the appearance of viral antibodies to FIV Gag proteins by WB, VI-RT, and FIV-specific PCR. FIV infection was detected by VI-RT and PCR as early as 3 weeks after intravaginal inoculation of 7 ϫ 10 6 cells. By 6 weeks postchallenge, systemic FIV infection was determined by VI-RT and PCR as well as by WB. All cats that became positive by WB analysis were persistently infected with FIV throughout the duration (18 weeks) of the study.
Whereas 10 of 10 control cats treated with the vehicle became FIV infected within 3 to 6 weeks after inoculation, only 2 of 5 cats receiving vaginal instillation of a 2% WHI-07-containing gel microemulsion showed evidence of FIV infection by 18 weeks after inoculation (P ϭ 0.02; Fisher's exact test). By comparison, 6 of 10 cats treated with a 5% N-9 gel acquired FIV infection after the same intravaginal FIV challenge (P ϭ 0.09). Similarly, 8 of 10 cats treated with a 0.25% VDDTC-containing gel microemulsion became FIV infected. Cats treated with VDDTC alone did not differ from controls (P ϭ 0.47). Notably, only one of five cats treated with a gel microemulsion containing 2% WHI-07 plus 0.25% VDDTC became FIV infected, albeit with a decreased FIV titer. Thus, the use of a gel microemulsion containing WHI-07 either alone or in combination with VDDTC was significantly (P ϭ 0.004) more effective in preventing the transvaginal transmission of FIV in domestic cats. The treated cats remained consistently negative for systemic FIV infection during the 18-week monitoring period.
We also examined the ability of WHI-07 to prevent the transrectal transmission of FIV. Under similar conditions, two of three cats challenged with an intrarectal inoculum of 7 ϫ 10 6
FeT-J cells infected with FIV Bangston became FIV positive, whereas none of the three 2% WHI-07-treated cats became positive for FIV throughout the 18-week duration of the study (Table 4) .
DISCUSSION
In earlier studies using rabbits, the gel microemulsion of the dual-function antiretroviral spermicide WHI-07 was found to exhibit significant contraceptive activity which was superior to the potency of the commercial formulation of the detergenttype spermicide N-9 (12). Our present study extends our previous preclinical work on WHI-07 and provides unprecedented experimental evidence that WHI-07 either alone or in combination with a vanadocene is capable of preventing the transvaginal as well as transrectal transmission of FIV in domestic cats.
WHI-07, a cell-permeable aryl phosphate derivative of bromo-methoxy-ZDV, was designed to bypass the rate-limiting TK dependency of ZDV activation (11) . WHI-07 exhibits enhanced lipophilicity and superior pharmacokinetics and retains full activity in TK-deficient cells when compared with ZDV (9, 22) . In addition to being a potent retroviral RT inhibitor, WHI-07 induces a rapid and dramatic depletion of all cellular a T-cell-enriched PBMCs from SPF cats were exogenously infected with FIV and then cultured for 9 days at 37°C in the presence or absence of WHI-07. On day 9, FIV replication was monitored by measurement of RT activity in the culture supernatants. Controls included PBMCs (negative control), FIV-infected but untreated PBMCs (positive control), and FIV-infected and ZDV-treated PBMCs.
b Cell viability was determined by trypan blue dye exclusion assay by counting a minimum of 500 cells. ND, not done.
c Mean Ϯ standard deviation (n ϭ 3). d NA, not applicable. nucleoside diphosphate and triphosphate pools, which would contribute to the overall reduction of nucleic acid synthesis, viral replication, and cell death (57) . The chelated vanadocene complex VDDTC is an effective spermicide (21, 27) . Both WHI-07 and VDDTC exhibit potent spermicidal activities at low micromolar concentrations, with high selective indices against human female genital tract epithelial cells, and lack mucosal toxicity following repeated intravaginal administration (9, (22) (23) (24) . VDDTC has a unique configurational preference which alters the membrane by intercalation and induces Fe 2ϩ -initiated lipid peroxidation (32, 33) . The striking antiretroviral efficacy of the combination of WHI-07 and VDDTC is most likely due to the potent antiviral activity of WHI-07 as well as the combined effects of WHI-07 and the organovanadium complex on key cellular pathways essential for nucleic acid synthesis and viral replication.
Experimental transmucosal infection in cats with FIV is a valuable model for testing the in vivo efficacy of potential anti-HIV microbicides. Although FIV can be transmitted experimentally in both a cell-associated and cell-free manner through the vaginal or rectal mucosa (4, 5, 29, 31, 41, 42, 44, 45) , the efficiency of FIV infection via the vaginal or rectal mucosal route is dependent upon the expression of specific chemokine receptor molecules (5, 26, 42) . Our comparative studies using two dual-tropic strains with considerable macrophage tropism (FIV UK8 and FIV Bangston ) showed marked differences with respect to the ability to induce systemic FIV infection via the vaginal route (data not shown). In our study, FIV Bangston infection could be established transmucosally with relative high efficiency via the vaginal route using a high dose of infected FeT-J cells. Control FIV-positive cats inoculated via the vaginal or rectal route with a high dose of FIV Bangstoninfected FeT-J cells expressed detectable levels of FIV gag provirus DNA in PBMCs. By WB analysis, plasma from these cats demonstrated a strong anti-FIV antibody response against major FIV gag proteins p26 and p15 detectable at 2 to 3 weeks postchallenge and remained consistently positive for antibodies throughout the 18-week monitoring period. Since FIV rapidly crosses mucous membranes following mucosal exposure and is rapidly transported via dendritic and T cells to systemic lymphoid tissues (42) , in these preliminary efficacy studies the time period between gel treatment and cell inoculation was minimized to maximize in vivo drug availability. Microbicidal activity was considered effective when mononuclear cells of the treated cats were negative for FIV, and these cats did not display FIV-associated hematologic abnormalities for up to 18 weeks postchallenge.
The dose of WHI-07 and/or VDDTC used for the vaginal microbicide efficacy studies was based on the lack of local, systemic, and reproductive toxicity observed in two 13-week subchronic studies and a 2-year carcinogenicity study of the gel microemulsion with and without 2% WHI-07 which were performed in mice (13-17, 23, 24) . Since no adverse effects were observed with the highest concentration of WHI-07 or VDDTC tested in mice and rabbits, we selected the 2% and 0.25% doses, respectively, for the intravaginal microbicide efficacy study. Despite the well-known bioavailability of the drugs in gel microemulsion, failure to achieve 100% inhibition of vaginal transmission even with the optimum dose of WHI-07 or VDDTC used could in part be due to incomplete mixing of cell inoculum with the test gel or inadequate distribution of the test gel in the vagina. Although WHI-07 completely prevented the rectal transmission of FIV, the number of animals in each group was too small for statistical significance. The use of carrageenan as an excipient in the gel microemulsion did not exhibit in vivo anti-FIV activity.
It has been found that currently used vaginal delivery systems (gels, foams, creams, suppositories, and tablets) break down almost immediately following insertion into the vaginal cavity and have minimal bioadherence to the vaginal walls (18) . This is believed to be due to their water miscibility and/or their lack of physical stability at body temperature. Thus, they exhibit limited effectiveness. Poor bioavailability may lead to ineffective therapy, the need for higher dosing, and/or undesirable side effects. Microemulsions appear to have the ability to deliver larger amounts of topically applied WHI-07 and VDDTC into the genital mucosa than traditional vehicles because of their capacity for enhanced solubilization (52) . The drug dissolved rather than suspended in the vehicle is in a form for immediate absorption and is generally more rapidly and more effectively absorbed. The microemulsion-based lipophilic and vaginal spermicides WHI-07 and VDDTC appear to offer several benefits for vaginal delivery, including increased absorption, potent contraceptive activity, and decreased toxicity.
Because semen is an important vehicle for sexual transmission of HIV-1 (30, 48, 61) , WHI-07 either alone or in combination with a vanadocene could provide protection by inactivating HIV-1 or preventing HIV-1 from replicating either in semen or the infected host cells that line the vaginal wall. Although antiretroviral drugs can greatly reduce the HIV viral load in semen, they are not foolproof in preventing HIV infection via sexual contact (2, 49) . A substantial percentage of HIV-positive men have active, potentially infectious viruses in their semen, even after 6 months of therapy. Hence, significant proportions of men who undergo therapy and subsequently feel well remain potentially infectious and therefore continue to pose a public health risk unless they monitor their sexual behavior carefully. The results of our present study point to the potential utility of a WHI-07 gel microemulsion as a prophylactic antiviral agent.
In conclusion, WHI-07 either alone or in combination with a vanadocene via a gel microemulsion shows potential as a vaginal and rectal microbicide for the prevention of the sexual transmission of HIV, which is thought to be transmitted primarily by infected cells present in semen. The rapid intracellular delivery of bioactive nucleotides by WHI-07 despite low or absent TK activity has clinical advantage for curbing the sexual transmission of HIV by leukocytes and germ cells in semen. The demonstrated lack of mucosal, systemic, reproductive, or developmental toxicity in test animal species as well as the lack of tumorigenic potential of WHI-07 in long-term carcinogenicity studies indicate that WHI-07 displays the very properties required of an ideal spermicidal microbicide and warrant further preclinical research and development.
